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ABSTRACT

Observaticns with the satellite Explorer XIV to radial
distances of 16 Ry (earth radii) on the generally sunward side
of the earth establish the mean geocentric radial distance of
the magnetospheric boundary near the sun-earth line as
~ 11 R, during Mey-August 1963, a period of relatively low
geanagnetic activity in the epoch six years after sunspot
meximum, JIsolated "spikes" of electroms having
o L E < 200 keV and amnidirectional intensities lying
between the detector's threshold of ~ 5 x 105 and
~ 10° (cm2 sec)':L are often but not always observed in a
transition region of radial thickness 2 to 3 RE beyond the
magnetospheric boundary. These electrons are interpreted as
being in the high energy taill of the spectrum of the quasi-
thermalized plasma Ee ~ 1 to 10 keV previously observed in
this region by Explorer XII /Freeman, Van Allen, and Cahill,
1963/ [Freeman, 196l/. The incidence of the spikes and the
complexity and intensity of their radial profile increase with
increesing I&’ The geocentric radial distancés of both the
magnetospheric boundary and the outer boundary of the
transition region increase with increasing angle fram the
sun~-earth line toward local evening end the latter boundary

apparently lies beyond 16 R, oo the local sunset meridian,



Electrons of energies exceeding 1.6 MeV are observed in
localized "hot spots" in the transition region near local
morning, implylng further heating of electrons in the solar
plasma as it flows around the megnetosphere, It is suggested
that the temporal variations of intensity of electronms

Ee ~ 1.5 MeV, for example, In the outer radiation zone can be
attributed in large part to inward, radial diffusion of
electrons B ~ 300 keV fram the magnetospheric boundary when
relatively strong electron heating occurs in the adjacent
transition-region plasme during gecmagnetically disturbed
periods; and that a diffusion mechanism operates continuously
within the earth's magnetosphere, thus accounting for the
sporadic, large increases of intensity of energetic electrons
Ee ~ 1.5 MeV in the outer radiation zone following periods of
geomagnetic activity as being due to a variable scurce in the

transition region.



I. INTRODUCTION

Phenomena in the vicinity of the magnetospheric boundary
ere of interest in their own right as providing an example of
the interaction of & super-Alfvenic, magnetic plasma with an
external magnetic Tield and as doing so on a physical scele
vhich permits observations of 'microscopic” details within the
interaction region by practical instruments. Further, it seems
quite likely that this interaction, or transition, region
between the impinging solar plasma and the ordered geamagnetic
fiecld is the source of most of the particle population of the
earth's radiaticn belts /cf. early discussion by Ven Allen,
McIlwain, and Iudwig, 1959/ .

Coordinated cbservations of charged particles and of the
magnetic field vector with Explorer XII during late 1961 have
established the pripcipal physical characteristics of the
magnetospheric boundary and of the transition region on the
generally sunward side of the earth /Freeman, Van Allen, and
Cahill, 1963/ /Rosser et al., 1962/ /Cahill end Amazeen, 1963/
[Freemen, 19647. A brief summary of this work is as follows
(epoch, about 4 years after sunspot meximum):

(a) Usually, though not always, the ordered gecmagnetic
field terminates abruptly (often within a radial interval of

the order of a few bundred kilometers) at a geocentric radial



distance lying between 52,000 and 64,000 km (8.2 to 10 earth
radii), Scmetimes such a discontinuity is not observed
within 83,600 km (apogee of Explerer XII). The magnetic
‘discontinuity defines the magnetospheric boundary
(magnetopause) in the observational sense.

(b) The intensity of electrams 40 < E, £ 100 keV drops
precipitously at the magnetospheric boundary from values of

the order of .'l.O5 to lO6 inside the boundary to values less

than ~ 3 x 101’ (cm2 sec s:r)":L outside. The latter value
corresponds to the epproximate limit of sensitivity of the
S.U.I. magnetic spectrameter in Explorer XII.

(e) Outside of the boundary and within a region of radial
thickness 10,000 to 20,000 km (1..6 to 3.1 earth radii) there
is observed often, but not always, a more-or-less isotropic
energy flux of particles of the order of tens of ergs

(<:m2 sec sr)'l. The daminent contribution is by electrons
whose particle energles are 1 to 10 keV and whose intensities

10 particles (cm2 sec sr)‘l.

are of the order of 10° to 10
(The threshold sensitivity of the detector is about

1l erg (cm2 sec sr)'l; hence this phenomenon may be much more
ccmmon than observed with Explorer XIT but often of lesser
intensity.) The particle population within this transitionm,

or interaction, region is interpreted to be a quasi-



thermalized plasma which has resulted fram the arrest of the
directed flow of the solar wind as it encounters the geo-
magnetic field. These observations provide an operational
definition of the transition region.
() The magnetic field within the transition region is quite
variable in magnitude and direction with peak magnitudes of
the order of 30 gammas,
(e) In view of (a) and (d), it is concluded that the
magnetospheric boundary lis the ocuter limit of the region
within which durable geamagnetic trapring of charged particles
is possible.
(£)  The theoretically expected shock front /[Exford, 19627
[Kellogg, 1963/ is not cbserved directly by Explorer XII but
is presumed to lie at the outer surface of the region containing
the observed hot plasma and discrdered magnetic field.

More sensitive measurements of the intemsities of electrons
E, > LO keV with Explorer XIV during 1962-63 /Frank, Ven Allen,
end Macagno, 1963/ /Frank, 196k ere more definitive than the
corresponding ones with Explorer XII and show that the spatial
distribution of such electrons nesr the equatorial plane is
characterized as follows:
(=) The omnidirectional intensity is ~ 107 to lO8 (c:.m2 sec)'l
within the magnetosphere in the radial range ~ 2 to 8 Ry

(earth radii).



(v) There is a precipitous drop of intensity within about
1000 ¥m in the radiel range ~ 10 to 12 RE near the earth-sun
line (locel noon).
(e) Toward local morning and local evening the magnetospheric
"boundery” is no longer well defined by e single major dis-
continuity of particle intensity but becames diffuse and
exhibits multiple peaks which undergo large temporal and spatial
variations for distances beyond 8 Ry. Similar particle measure-
ments have been reported in preliminary form by Explorer XVIII
(IMP-I) experimenters on the basis of observations during
November-December 1963 (epoch about six years after solar
maximm). Also the existence of hot, isotropic plasma within
the trensition region has been confirmed /see Internmetional
Geophysics Bulletin, No. 84, June 1964/ and extensive
magnetic measurements /Ness, Scearce, and Seek, 196/ have been
made throughout the region of interest.

The present paper summarizes observations with
Explorer XIV of the intensities of electrams E, > 40 kev
near the magnetospheric boundary and within the transition
region on the generally sunward side of the earth during the
period May-August 1963 and considers the significance of the

results.



II. INSTRUMENTATION

Explorer XIV was launched on October 2, 1962, into an
orbit with perigee sltitude of 281 kilameters, apogee
altitude of 98,533 kilameters, orbital inclination of 33°,
and period of 36.4 hours. The local time of apogee at
launch was 0730; it progressed through local sunrise to
local midnight, in late Jenuary 1963, and through local
sunset to locel noon, in July 1963. Transmission of data
fram the satellite was substantially continuous from launch
until August 8, 1963. Detailed descriptioms of the S.U.I.
complement of Geiger-Mueller tubes on Explorer XIV and the
interpretation of their responses have been given pre-
viously /Frank, Ven Allen, Whelpley, and Craven, 1963/
/Frenk, Ven Allen, and Hills, 19647/.

Figure 1 shows a representative set of detector responses
as a function of geocentric radial distance. Near the
magnetospheric boundary and within the transition regionm,
the response (above galactic commic ray beckground) of
G.M. tube 213A is attributed uniquely to electrons having
E, < 200 keV since the caupanion tube 213C with the same
geametric factor and direction of '"view" shows no discernible

response. The 213C has the same proton threshold (500 keV)



as the 213A but 1s equipped with a megnet in 1its collimator
which excludes electrons E, < 200 keV.

The energy range of the electroms which cause the 213A
response can be further limited as follows: The efficiency of
213A for detecting electrons through its 1.2 mg cu > mica
window has been measured with a laboratory electron gun. The
date for the energy range 28 to 90 keV have been published
previously; the efficlency rises fram ~ 10"3 count per electron
et 30 keV to appraximately unity at 50 keV /Figure 1 of
Frenk and Ven Allen, 1963/. 1In view of the very large
intensities ( ~ 10%° (cm2 sec)'l) of 1 to 10 keV electrons in
the transition reglon, the laboratory calibration of 2134 has
been extended down to 5 keV in order to determine its
efficiency for non-penetrating electrons via the intermediate
bremsstrahlung process. On the baslis of the overall
leboratory calibrations, Table I summarizes the cmnidirectional
intensities and energy fluxes of electrons of various energies
which are necessary to produce a 213A rate of 10 counts sec™t,
a typical response in the treansition region. For later
reference, the corresponding responses of the 302 Geiger-
Mueller tube also via the intermediate bremsstrahlung process
[Frank, 19627 are included in Teble I; they are seen to be
negligible in comparison to the cosmic ray background rate of
~ 2 counts (sec)'l for the electron intensities and energies

glven there.
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Table I

Omnidirectional Intensities of Moncenergetic Electrans
Correspondirg to a 213A Response of 10 Counts (Sec)™t

Electron J F Corresponding
Energy ° 302 G.M.
(kev) (o see)™  ergs (an” sec)™ TR RS

5 1013 8 x 10" -
10 10™2 2 x 10° —
15 Toqm 3 x 103 2 x 107t
20 107 3 x 20t 2 x 1078
36 5 x 107 3 5 x 1072

Lo 5x 10 3 x 1073 5 x 10




Explorer XII lowe-energy electron flux and magnetic field
measurements /Freecman, Van Allen, end Cahill, 1963/ /[Freeman,
1965/ and Explorer XVIII magnetic field measurements in the
transition region /[Tess, Scearce, and Secek, 19647 provide a
basis for cbtaining a generocus upper limit on the possible
energy density of the transition-region plasma, which in terms
of energy flux ( ~ 1 to 10 keV electromns) is 100 to 500 ergs
( cn’ sec )'1. The directed interplanetary solar-plasma energy
£lux 1s ~ 107 to 1 erg (cmx2 sec)'l. Hence, the energy
denslities of electrons Ee < 15 keV required in order to
attribute the 213A response to their bremsstrahlung
(Table I) are seen to be physically unaccepteble. In the
energy range E e > 20 keV for which direct electron penetration
becomes important, the efficiency of the 213 G.M. tube is a
very steep function of incident electron energy, rising from
~ 10" count per electron at E, = 20 keV to ~ unity at
Ee = 50 keV, If, es an example, equal contributions to the
response of the detector are assumed to be due to each camponent
of a two ccmponent beam of electrons Ee = 20 keV and of
E, = 4O keV and if the differential energy spectrum is teken
to be of the form E -, then n ~ 20, Such a spectrum is
Judged to be unreasonsbly steep and hence an effective threshold

of E, ~ 4O keV has been adopted.



On the foregoing grounds, the response of the 213A
detector in the magnetospheric transition region is attributed
to electrons having 40 < E, < 200 kevV.



ITI. EXPERIMENTAYL RESULIS

A series of papers concernlpg Explorer XIV measurements
of electrons E, > 4O keV beyond 8 Ry have been published
[cf. Frank, Van Allen, Whelpley, and Craven, 1963; Frank,
Van Allen, and Macagno, 1963; Frank, Freeman, and Van Allen,
1964; Frank snd Van Allen, 1963b; Frank, 1964/; a more
detailed examination of measurements of electrons E, > 4O keV
in the vicinity of the sunward magnetopause in the following
discussion allows further conclusions. A previously published
example of the responses aof the four Geiger-Mueller tubes as
& function of geocentric radial distance is shown in Figure 1
[Frank, Ven Allen, and Macagno, 1963/. At 80,000 km the
sun-earth=-probe angle is 65° toward locel morning. Of specific
interest are the respomses of the detectors beyond 60,000 km.
In this example, the magnetospheric boundary 1is delineated by
the rapid decrease of the respanse of 213A (13:e > 40 keV) at
a geocentric radial distance of 69,000 km, Over the radial
distance range 75,000 to 90,000 km all four detectors are
countirg at galactic cosmic ray rates, but fram 90,000 to
95,000 km the 213A response increases above the background
cosmic ray rate bj a factor of ~ 100 while the other detector
responses remain at thelr background cosmic ray rates, Ia

particular it is noted that there is no corresponding pesk in
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the 213C response. Hence, this major intensity "spike" at
92,000 km (as well as the lesser cme at 72,500 km) is con=
clucively identificd as being due to electrons having
bo < E, < 200 kev (cf. Section II). An auxiliary, though
non-essential, element of identification comes fram noting
that the intensity at the sides of the spike varies by a factor
of ten within an apparent distance of 500 km whereas for the
extreme case of a threshold energy (500 keV) proton moving at
right angles to & megnetic fleld as great a magnitude as,
say, 30 gemmas, the radius of curvature of its path is 3400 In,
There remains to be considered the possibility that the
apparently isolated spike at 92,000 km is an observational
artifact caused by the following hypothetical chain
of circumstances: The magnetospheric boundary was at
9li,000 km as the satellite slowly passed that point, but then
was driven inward past the satellite to 69,000 km by a gust
of soler wind. Such a case on October 1, 1961 has been pre-
viously reported /Rosser, 1963, Figure 4, and discussion/ in
the radial distance range 62,000 to 54,000 km. It is noted that
the "detached spike" case on October 1, 1961 occurred during a
notably disturbed period ﬂa.n Allen and Whelpley, 196?_7 >y ina
radial distance range characteristic of the magnetospheric

boundary during late 1961 ( ~ 9 RE) and was characterized by
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an electran spectrum and ean ordered magnetic fleld similar to
those inside the magnetospheric boundary.

The detached spikes reported in the present paper on
Explorer XIV cbservetions (such as Figure 1) are of quite
different character. The moving boundary hypothesis 1s rejected

as an interpretation of these spikes and it is proposed that

they are characteristic of the transition region on the following
grounds. There is a tendency for the splkes to occur more
pracinently during disturbed periods as measured by Kp but

even for KP £ L they are cbserved in sbout 50% of the

Explorer XIV passes (both inbound end outbound), They lie in
the radial distance range 10 to 14 RE' The electron spectrun
is much softer than that within the magnetospheric boundary

and the intensities of electroms E, > 4O kev are (usuvally) much
less. The spikes lie beyond the termination of measurable
intensities of electrams E, > 1.6 MeV, an alternative
criterion for the lack of trapping conditions. A detalled

study of the corresponding Explorer XIV magnetic data will be
made later when such date are avallable. Meanwhile it is noted
that the magnetic field data of both Explorer XII and

Explorer XVIII consistently show that the magnetic field is

disordered beyond 10 RE‘
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Figure 2 displays a family of four typical cases of
Explorer XIV observations under varjous conditions. The large
intensities (near the sunrise meridisn) of electrons
E, > 40 keV shown in Figure 24 on 14 October 1962 extends to
et least satellite apogee position although the data are
obtained at & similar sun~eartheprobe angle to that of the
date presented in Figure 1, but appraximetely & week later,
thus demonstrating the strong temporal changes in intensities
end in the structure of the intensity profiles of electroas
E, > 40 keV. For the profile of 14 October the magnetospheric
boundary is not unambiguously defined by a single sharp
decrease of electron E, > 40 keV intensities as is the case
in Figure 1, but it is of importance to note that the radial
terminetion of measureble intensities of electrons
E, > 1.6 MeV (at 72,000 km in Figure 2A) is approximately
colncident with the position of a single precipitous decrease
in electron E, > 4O keV intensity. All of the examples of
Figures 1 and 2 suggest the termination of the E_ > 1.6 MeV
electron intensity as an alternate method of defining the
radlal extent of durable trapplng of electrons within the
earth's magnetosphere and hence the position of the
magunetospheric boundary. The (rare) "spike" of 302 GM.

response (Ee > 1.6 MeV) at 90,000 km of Figure 2A has been
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1dentified as due to penetrating electrons B, > 1.6 Mev
rether than due to penetrating protons Fb > 23 MeV by noting
that the characterlstic Iarmor radii of protons Ep > 23 MeV
in these regions greatly exceeds the width of the pesk

( ~ 1000 km). In Figures 2B and 2C are shown the intensity
profiles of electrous E_ > Lo kev, > 230 keV, and

> 1.6 MeV for consecutive imbound and outbound passes cn
June 11, 12, 1963. For both irtensity profiles the
intensities of electrons E > 40 keV vary smoothly and

then decrease rapidly at a geocentric radial distance of

~ 70,000 km, nearly coincident with the termination of
cbservable electron E, > 1.6 M2V intensities. (Approximstely
2k hours separate the measurements at 70,000 km for these
consecutive inbound arnd ocutbound passes.) Beyond the suawexd
magnetospheric boundery multiple peaks of electron

Ee > LO keV intensity extend to 92,000 km and 83,000 km for
the profiles of Figures 2B and 2C, respectively, within the
transition region. This characteristic depth of 2 to 3 RE

1s in good agreement with the magnetic field measurements of
the dimensions of the transition region near the earth-sun
line [Fess, Scearce, and Seek, 1964/ and the outer termination
of these irregular intensity profiles probably corresponds to

the position of the tremsition-shock front. An example of a
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pass for which no observable electron E > 40O keV intensities
are found within the transition region is shown in Figure 2D
vhich displays the amnidirectional intensity profiles of
electrons for the inbound pass on July 13, 1963; the
ragnetospheric boundary is taken fram this graph to be at a
geocentric radial) distance of 70,000 km. The sbove set of
profiles provide an instructive, ebridged irdex to the large
body of Explorer XIV measurements of electrons in the vicinity
of the sunward magnetospheric boundary.

A surmary of Explorer XIV measurements of electroms on
the generally sunward side of the earth is given in Figure 3,
as & function of local time and geocentric radial distance.
The magnetospheric boundary is talien to be the position of the
innermost major drop of the intensity of E, > 40 keV electromns.
Nearly the same position is cbteined by the E, > 1.6 MeV
criterion. All relevant Explorer XIV data during May-August
1963 are included except for those near locel sunset., In
agreement with previous studies /Frank, Van Allen, and
Macegno, 1963/ [Frank, 196/ cbservable electron intensities
are often found out to (and presumebly beyond) the apogee
position of Explorer XIV ( ~ 16 RE) near the sunrise and sunset

meridian. A single representative orbit has been included in
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Figure 3 to show the character of the orbit in these
coordinates. Of the 63 magnetospheric boundary passeges
depicted in Figure 3 there are 31 cases of cbservable electron
E, > U0 keV intensities within the tremsition region. The
typical radial separation between the magnetospheric
boundary and the termination of trensition regicn electron
intensities is 2 to 3 RE near the earth-sun line in agreement
with the dimensions of the transition region ocbserved with the
Explorer XVIII magnetameters, The cheracteristic radial
extent of the magnetospheric boundary and of the transition
region electron intensities is shown in Figure 3 to increase
fram ~ 11-12 R, at local poon to ~ 1k Ry &t ~ 1600 and from
~ 14 Ry, at local noon to 16 Ry end beyond et ~ 1600,
respectively. No large difference occurs between inbound
and outbound passes although the aversge radial position of
the magnetospheric boundary is perhaps somewhat smaller
(by L or 2 RE) for inbound passes.(Ecliptic latitudes at
12 RE near the earth-sun line are ~ 0° and ~ -35° for
inbound and outbound passes, respectively.)

The value of xp is never greater than 4 during the
period of observations shown in Figure 3. The separate
distributions of KP values for the 31 cases of observed

transition zone spikes and for the 32 cases of no observed

L
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transition zone splkes overlep, the aversge }&) of the former
being 2.5 and for the latter 1,5, No spikes are observed in
several cases when I&) = 0. Hence there is a tendency for the
occurrence of transition zone spikes to be positively
correlated with the velocity of the solar wind /Snyder,

Neugebauer, and Rao, 196€/.
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IV. SUMMARY OF EXPERIMENTAL RESULTS

The principal experimental results of the present investi-
gation of the Explorer XIV measurements of electrous E, > Lo kev
in the vicinity of the sunward magnetospheric boundary ere:

(1) A well-defined trapping bmmdm;%lectrons E > L) kev
on the sunward side of the magnetosphere is defined by a sharp
decrease of intemsity with increasing geocentric radial distance
at ~ 11 RE near the earth-sun line, This trapping boundery
has been previcusly shown to be coincident with the position

of the magnetopause with simultanecus electron end magnetic
field measurements by Explorer XII /Freeman, Van Allen, and
Cshill, 19637.

(2) The trapping boundary for electrons E, > 40 keV of

(1) above 1s also approximately coincident with the termination
of observable intensities of electroms E, > 1.6 MeV, The
position of terminaticn of electrons E, > 1.6 MeV intensities
may be used to extend the cbservational definition of the
redlal extent of durable trapping on the evening and morning
sides of the magnetosphere where the irregular profiles of
elcctrons E > 40 keV have a camplex structure beyond

~ 8 R, (see Figure 24).

(3) In a region of ~2 to 3 R, in radial thickness adjacent

to and outside of the magnetospheric boundary near the earth-sun



line are found intensities of electrons LO keV E,

< 200 keV fram ~ 5 x 103 (cu” sec)™l (threshold intensity

of the detector) to ~ 10° (cm® sec)™l. These intensity profiles
ave usually characterized by multiple peaks and occur in
appraximately 50% of the 63 passes of Explorer XIV through the
magnetosphere presented here,

(&) The average radial extent of the magnetospheric boundary
incresses fram ~ 11 Ry near the earth-sun line to ~ 14 Ry at

a Jocal time of ~ 1600. The radial extent of the terminstion
of observeble electron E > 40 keV intensities in the
transition region increases from ~ 1k Ry, near the earthe-sun
line to spogee position of 16 Ry, and presumsbly beyond, at

a lccal time of ~ 1600 /cf. Frank, Van Allen, and Macegno,
1963; Frank, 1964, for surveys st local morning and evening/.
(5) Intensities of electrons E, > 1.6 MeV exceeding the
detector intensity threshold of ~ 10 (cm® sec) ! are not
observed near the earth-sun line in the transition region but
are found near locel sunrise and sunset in these regions during
periods of geamagnetic activity (to be reported more
thoroughly in a future publication).

(6) A positive correlation of the presence of cbservable
electron Ee > k4O keV intensities in the transition region and

gecmagnetic activity is indicated by an average Kp = 2,5 for
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the 31 cases of cobservation of electrons within the transition
region and an average Kp = 1.5 for the remaining 32 cases for
which no cbservable intensities (i.e., > 5x 103 (cxn2 sec)’l)

are present.
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V. DISCUSSION

Previous measurements of energetic electrons
E, > LO keV within the transition region have been published,
although not, with the campleteness of the present discussion
[ct. Frank, Ven Allen, and Macaegno, 1963/ /[Frank, 1964].
Further evidence of the presence of such electrons in the
transition reglon has been provided recently by Explorer XVIII
measurements with a 213 G.M. tube with a mica windﬁw of
similar thickness as that used in the present study
[Eaderson and Harris, 1964/ and with a solid-state detectar
[Fan, Gloeckler, and Simpson, 1964/ whose response is
attributed to pile-up pulses from electrons
30 f E, f 160 keV or to singly counted electrons sbove
the detector energy threshold of ~ 160 keV. From the
electron calibration data for the solid-state detector of
Fan et al. the omnidirectional intensitles of electrons
necessary to yield 10 counts per second (a typical
response of their detector in the transition region) are
~ 108 (cm2 sec )'1 at 38 keV or ~ 107 (c:m2 sec)'l at 48 kev
but only ~ 1 to 10 (cm® sec) T at B, ~ 200 keV. In view of
the facts (1) that the intensities of electrons E, > 40 keV
reported here, although obtained over a different time

period, are typically two orders of magnitude less than the
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gbove requirements in the energy renge 40 < E, < 50 keV,
(2) thet the efficiency of the solid state detector rises by
approximetely six orders of magnitude as the electron energy
is increased by only a factor of five from 50 keV to 250 keV,
and (3) that we are reporting in the present investigation
electran E > 1.6 MeV intensities of approximately
~ 10 (cm2 sec)'l for occesional passes of Explorer XIV through
the transition region, we suggest that their detector is
respording, elmost certainly, to electrons E . > 160 keV.
Mechanisms for the production of energetic electrons
in the shock-transition region have been suggested by
Kellogg /I96L/, by Bernstein et al, /I96L7, and by
Scarf et al. /196L7. A detailed confirmation of these
theories cannot be cbtained solely from the observations of
electrons Ee > 40 keV presented here, but must come fram a
detalled correlation between these measurements and those of
low=-energy protons and electrans end of the magnetic fields in
these regions. It 1is already quantitatively reasonable to
believe that the higheenergy tail of the transition zome
distribution of quasi-thermalilzed electrons in the 1-10 keV
energy renge /Freeman, Van Allen, and Cahill, 1965/ is of
adequate intensity to account for the observation of

electrons E, > 4O keV reported herein and even of the lower
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intensities of electrons E > 160 keV reported by Fan et al.
(as supplemented by the discussion above). The primary supply
of electrons 1s thought to be those of energy several hundred
electron volts in the solar wind and the energy required is that
of the directed motion of the positive ion component of the
soler wind as it exists before encounter with the outer fringes
cf the earth's magnetic field. The appearance of "spikes" of
intensity above the 4O keV threshold of cur detector presumably
indicates localized "hot spots" in the turbulent plasma.

The occasionsl eppearance of electrons E, > 1.6 MeV
dowvn-streem in the transition region toward locel sunrise
(see Figure 24) and the asbsence of measurable intensities of
electrons of these energles near the sun-earth line provides
evidence for continuing acceleration of electrons in the
high-energy tail of the spectrum as the transition region
plasma moves past the earth's magnetosphere. It 1s of further
interest to note that the appearance of electrons
E, > 1.6 MeV in the morning and evening "skirts" of
electron E, > 40O keV intensities beyond ~ 8 R, is
positively correlated with an increese of electron
E. > L0 keV intensities in these regions and with geamagnetic
disturbance as indicated by the planetery magnetic indices KD
and Z l{p (cf. Figure 2A, a general survey of electrons

E > 1.6 MeV is now being campleted). Also, it is known
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thot the intensities of electroms E, » 1.6 MeV in the center
of the outer radiation zcne decrease catastrophically at the
onset of severe magnetic disturbance, remain at low values for
saveral deys, subsequently increase to a meximum value over a
pariod dependent on the L-shell of interest and then decay
relatively slowly over a period of weeks until a new cycle
begins /cf. Frank, Van Allen, and Hills, 1964/ /[Freeman,

1961/ . On the basis of the details of the ebove morphology of
energetic electrons in the outer zone and the appearance

of energetic electroms E, 2 200 keV in the transition region
during periods of geamagnetic ectivity, we suggest that the
temparal variations of energetic electrons in the outer zone
ere the result of inward, radial diffusion of energetic
electrons from the transition region into the outer radiation
zone over a period of a few days or more (I~dependent) and

are intimately related to the sporadic production of relatively
large numbers of energetic electrons in the transition region
during periods of geamagnetic activity. For example, if an
electran E, ~ 1.5 MeV 1s supplied to the L = 5 shell (heart of
the outer radiation zone) by radial diffusion from the
magnetospheric boundary at ~ 10 RE end the first adiabatic
invariant S 18 conserved in the process, then the particle

energy required at ~ 10 Ry (B~ 50 7) is 300 keV. Hence,
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if the intensities of electraus E, 2 300 keV in the
transition region are smsll during megnetically gquiescent
periods campared to those during relatively disturbed magnetic
periods (as appears to be the case), relatively few electrcns
E Z 1.6 MeV are supplied to the outer radiation zome by
diffusion and the outer radiation zone intensities decrease in
accordance with quiescent loss mechanisms. The theory of
diffusion of charged particles across I-shells has been treated
origirally by Parker [1960/, Herlofson /1960/, and Devis and
Cheng [I962] and recently by Hess et al. [I965/, Mead and
Makada /T96L7, end Nakade et al. [I96h/. Such theories should
provide a basis for quantitative interpretation of experimental
knowledge to yleld a more fundemental understanding cf observed
diffusion rates, energy spectra, and source strengths. Since a
diffusion wechanism for outer zone charged particles will also
be reflected in the variastion of spectre with geocentric radial
distance (or 1), we note that at 90,000 km of Figure 2A

3, (B, > 10 kev) ~ 10% (cxf sec)™t ana 3 (B, > 1.6 MeV)

~5 (cm2 sec)'l; or if the integrel spectrum is represented

E/ E, over the energy range LO keV to 1.6 MeV then

by e |
E, ~ 120 keV compered with e typical E_ ~ 170 keV at 45,000 ku ;
and E ~ 340 keV at 25,000 km near the magnetic equatorial L

plane /Frank, 196k7.
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A rough estimate of the relative intensities of electrons
1 keV < Ee < 10 keV and Ee > 40 keV in the transition
reglon can be obtained with the Explorer XII low-energy
electron measurements /Freeman, 1964/ and the present results

for E, i 40 kev, viz.:
J, (B, > b0 kev) 105 (ca? sec))

v Dttty - 107
J,(Lkev € E < 10kev) 10 (em” sec)

Detailed correlations with simultanecus Explorer XIV magneto-
meter measurements are expected to provide further conclusions
concerning the observations of electrons E, > 40 keV in the

vicinity of the magnetospheric boundary reported here.
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FIGURE CAPIIONG

1. A previously published profile of the responses of
the Pcvr S,.U.l. Gelger-tueller tubes oa Explorer XIV
as a fvaction of geocentric radial dlsterce. lhe sune
earth-probe angle  F— at 80,000 km is ~ 65° to tha
west of *he earta~cun line /Frank, Van Allen, and
Macagno, 1963/.

2. Sevaral more examples of measurements of electrons
in the sunward magnetosphere and beyond. Iocal time
and geamegmetic latitude at 70,000 Ima are jncluded for
intercompsrison of the prefiles,

3. A grerhical summary of the positions of the geo-
magnetic trapping boundary end of the termination of
observeble irtensities of electrans E, > 40 keV in the
transition reglcn as viewed in a local time-geocentric
radial distance coordinate system. The dashed lines
connect observations obteined for an individual

inbound or outbound pess, Pairs of numbers 1, 2, and
3 in this graph designate measurements for three sets
of corsecutive inbound and cutbound passes. One sample
orbital trace is shown.



I 34N9I14

HLYV3 40 ¥3LN3D JHL WOU4 JONVLSIO TVIQVY

20!

£Ol

»O!

gO!

W £01 X00! 06 08 oL 0 0 b o¢ 02 ol 0
u “Hu x x X _V . k_ RS U H N .
[— Q rm_«ﬁn L-Wn o«,T-«..nauuxuun ﬁ g, ]
[ a. O v 9 v v 99 _|vo [ X | x ! I %\\ i T -
— N Oi O w q,, v v o Xy H * o T T ‘Lﬁ MA
o« oc 07, 0,0 o 0% ocno b ‘<4 X ... f T , -
[ L ) ...ﬁ....oomo. o Xy, | x| |
[ o w o 3 w. oy 4 x _]
[ i T x o (N
MI‘ e Tt - 4 f\kl!.lumd.l e ‘n‘nl‘ -~ ) - x | — H
A = e B r x Co Ty o
,Q 4. i Xy | |
- o) ove Xy ¥ | —
” o Tola, Xy 30V48NS SIHLY¥V3
L o] # .n lxn o Jlr\‘\ —
— , . —
— .% x g o
[¢) Vo i x
- ° 0. qqa ! % _
e R : R
g = " e
B ; % 0 * Vo o oiag —
o) j . vV }
| o 308 00000 % : .
v 9813 o g o® g ]
Y5000 POOET 00 S 000
— x @ggle 00 - ° o —
— o WEIZ . o =
- ol W —
— 2961 ' L—9 4380150 NO . B
— S3INOZ NOILVIGVY S.H1¥V3 ) ° , =
JHL HONOYHL QYVMNI SISSVd q e o ,ﬂ
- EIX ¥43N01dX3 SV SHO0L93130 "W’ ! —
— 1'N'S 40 SALVH ONILNNOD INYL i —
— [ | | —
€Sl el 0’8 I's L6'1=1
«02 ol- oS 9! SOE =l X

UNOD3S /SINNOD 3INHL



Ee>40 KeV

(A) =
14 OCTOBER;

SEVERAL EXAMPLES OF EXPLORER XIV MEASUREMENTS OF
10 = ELECTRONS NEAR THE MAGNETOSPHERIC BOUNDARY 3

1962 1 Ee>40 KeV ]
INBOUND (C)
0 ! 11-12 JUNE |

————THRESHOLD INTENSITY 7

963 |

=\ £.5230 KeV OUTBOUND | |

ool \* © B

ey LR

LT.213:15 —

10% |- ]

R ]

|o| | | | ! } -=- ——1—-.!.._1__.
E

Ee>40 KeV
10% |- (B)
- 11 JUNE 1963] -
[ INBOUND | |
10°

Ee>230 KeV

o-:s
ITTT
|
|
|
|
i
i ]
| |
: |
5
| |
| |
1)

Ee>40 KeV

(D) =
13 JULY 1963 ]
" INBOUND

i

40 50 60 70 80 90 40
RADIAL DISTANCE FROM THE CENTER OF EARTH

FIGURE 2

50 60 70 80 90xI0%m



€ 3¥Nold

NOILISOd 3390dY
40 NOILOW
i

lzx 000!

SSVd 3T9NIS Vv 40
Vivad S103NNOD ----

S3SSVd ANNOALNO v'e
S3SSVd ANNOBNL v°o

NOIO3Y NOILISNVHL NI
SAILISNILNI A%0+<3 NOYLO3IT3
378VAH3SE0 30 NOLLYNINY3L v'v

AYVANNOE OJI4IHISOLINOVA ‘o

£96!1°1SNoNV - AVIN

M Ov<3

SNOYLO3 T3 40 SLNIWFUNSYIW AIX Y390T1dX3 HLIM J3NIWY3L3Qa SV
NOI93Y NOILISNVHL 3HL NI SNOYLO3T3 JIL39YINT 4O NOILVNINYEL
3HL 4O ANV AMVANNOS SNIddvHL JILINOVWOIO 3HL 4O SNOILISOd



